species-rich riparian zones and wetlands. Until now, however, large, carefully collected data sets from natural landscapes have been unavailable. These are useful for comparing local, landscape, regional, and national patterns to those observed under carefully controlled conditions, such as heavily manipulated, small-scale, experimental plots protected from disturbance (Knops et al. 1997; Naeem et al. 2000; Kennedy et al. 2002) .
Methods
We evaluated two large independent data sets on the distribution of native and non-native plant species. The first set was gathered from 316 large vegetation-monitoring plots in eight states, which are part of the USDA Forest Service's Forest Health Monitoring Program (Cline et al. 1995) . The plots are systematically spaced throughout the US (one every 63 942 ha), and the numbers vary by state: Colorado (33), Delaware (39), Michigan (71), Oregon (44), Pennsylvania (81), Virginia (15), Washington (12), and Wyoming (21) . Each plot consists of four 168-m 2 subplots, with three 1-m 2 quadrats in each subplot. Between 1997 and 2001, all the plots were sampled once every summer. Data were collected on the presence and cover of native and non-native species in each quadrat and species presence in the subplots.
The second data set was gathered over the past 20 years by the Biota of North America Program (www.bonap.org) at the University of North Carolina, Chapel Hill. Data were available for 44 of 50 US states, and were based on over 229 000 records of native and non-native plant species occurrences by county. The taxonomic accuracy and completeness of this data set have made it the standard reference for many governmental and non-governmental agencies.
Correlations were evaluated on log-transformed (log 10 [X + 1]) values of both native and non-native plant species at each spatial scale. Significant values in all cases were based on ␣ = 0.05 using Version 10 (2000) of the SYSTAT statistical software. County-scale correlations were not evaluated for states without sufficient data. State data not maintained by BONAP were not included in the state-scale correlations.
Results and discussion

Plant neighborhood and plot scales
Data from 1-m 2 quadrats in natural landscapes might provide insights on the success of establishment (presence) and growth (foliar cover) of native and non-native plants in close proximity -what might be called a plant's neighborhood. Based on the results of small-scale experiments at similar scales (Knops et al. 1997; Naeem et al. 2000; Kennedy et al. 2002) , we might expect a negative correlation between native and non-native species richness in natural areas. However, US Forest Service Forest Health Monitoring data from the 1-m 2 quadrats showed slopes with positive trends (though they may not be significantly different from zero) rather than negative slopes in the correlations of native to non-native species richness in seven of eight states (Table  1) . They also showed a highly significant positive relationship between native and non-native species richness for the 2958 quadrats in all states combined (Table 1) . (Vegetation was not measured in subplots without trees.)
Cumulative species lists of native and non-native species from replicate plots might show the patterns of plant diversity and invasion in larger areas more clearly. Some field studies have shown that at least some species-rich vegetation types have been successfully invaded (Stohlgren et al. 1999 . Plot-scale data from the Forest Health Monitoring program data in eight states strongly confirmed this pattern. The relationships between native and nonnative species richness were strongly positive, with significant positive relationships found for half the states tested, and for all states combined (r = 0.33, P < 0.001; Table 1 ). Significant positive relationships also existed between native and non-native species richness and foliar cover. Foliar cover is another strong indicator of the success of invading species in capturing local resources for growth. For the 316 plots in the eight states, native plant species richness was significantly positively correlated to native foliar cover (r = 0.31, P < 0.001). Non-native species cover was significantly positively correlated to native species richness (r = 0.15, P < 0.008), the opposite of what might be expected from controlled experiments (eg Naeem et al. 2000; Kennedy et al. 2002) . Non-native species cover was even more significantly positively correlated to non-native species richness (r = 0.65, P < 0.001). These results suggest that resident species richness at neighborhood and plot scales may not be an effective barrier to invasion in these widely dispersed natural communities.
County-and state-level data
The second data set included the occurrences of 2770 non-native plant species in 2798 counties in 44 states. When we correlated native to non-native species richness for all counties, we found positive correlations in 43 of 44 states, with 40 states having significant positive relationships (Figure 1) .
We also evaluated the BONAP data at the state scale, and found a positive, nearly significant correlation between native and non-native species richness (r = 0.28, P = 0.07). California had a strong effect on this correlation, but the data are accurate, the plant invasions are real, and we could not justify eliminating California as an outlier. Our findings strongly agree with global-scale results, which have reported even stronger positive relationships between native and non-native species richness in parks and natural areas (r = 0.83, P = 0.001; Lonsdale 1999).
Widespread patterns of invasion
Our analysis raises serious doubts that high native species richness somehow decreases an area's vulnerability to invasions by non-native plants. Even at the smaller scales of plant neighborhoods and most experimental studies (typically 1-m 2 ), there is little evidence of a negative relationship between native plant diversity and the establishment of invasive species (Table 1 ). It appears that the relationships are generally positive (they have positive slopes) and that they strengthen as the spatial scale increases, leading us to hypothesize that the competitive exclusion of invasive species by native species may be a particularly weak force in most environments. Speciesrich hotspots have been successfully invaded at multiple spatial scales. We should not expect sites, counties, or states high in native species richness to be less vulnerable to future invasions, despite valuable efforts to protect native species. Furthermore, non-native plant control efforts, whether mechanical, chemical, or biological, will have to be carefully targeted and even more carefully conducted in areas high in native species richness. The positive relationships between native and invasive species richness cannot be expected in heavily invaded sites, since non-native species can obtain dominance and replace native species. This is the case in Hawaii, where less than half the flora are native species, and in some of California's annual grasslands, as well as in parts of Florida. In such cases, we would expect weaker relationships between native and non-native species (which is exactly what we found in Hawaii). There are global exceptions to this pattern as well. Tropical rain forests, with their dim understory levels, are poorly invaded, but tropical islands are more heavily invaded (Rejmánek 1996; Lonsdale 1999) . Nevertheless, throughout the US (Table 1 ; Figures 1 and 2 ) and the world (Lonsdale 1999) , species-rich areas have been heavily invaded.
There are additional reasons to be concerned about plant invasions in the US. The BONAP scientists' report adds about 300 species to the nation's flora count each year, through new accessions such as county records and newly reported species. Only about 10% of the new accessions are native species (BONAP), suggesting that plant invasions in the US may be escalating. Invasive plants may bring insects and pathogens to new areas, including diseases such as sudden oak death (caused by the fungus-like organism Phytophthora ramorum), Dutch elm disease, and white pine blister rust. In the face of increasing invaders, it is troubling to consider how many empty niches and vulnerable habitats and populations there are in natural ecosystems. Landuse change, disturbance, high propagule pressure, and many other factors may be associated with the invasion patterns observed at quadrat, plot, county, and statewide scales. Regardless of their causes, it is clear that the success of plant invasions (as measured by non-native species richness and cover) is significantly greater at sites rich in native species.
Conclusions
In general, areas high in native species richness also support larger numbers of non-native species -in other words, "the rich get richer". We believe, as do others (Rejmánek 1989 (Rejmánek , 1996 (Rejmánek , 1999 Levine and D'Antonio 1999; Lonsdale 1999; Levine 2000) , that there may be no direct cause-effect relationship between native and non-native species richness. However, high native species richness may be indirectly, but positively, correlated to habitat heterogeneity, by increasing available resources (Davis et al. 2000) ; high species turnover (many populations with few individuals are more likely to be extirpated); increased pulses of available resources (more light, nitrogen, or water in response to high turnover); and therefore more opportunities for nonnative plants to become established (Stohlgren et al. 1999) . This is the case for tamarisk invasion throughout riparian zones in the US Southwest (Figure 3) .
We hope the disparity between the results of smallscale experiments and the large-scale areas reported here does not go unnoticed. The patterns and processes in controlled experiments at small spatial scales in protected environments may reveal little about the patterns and processes that operate in larger, more complex ecosystems (Rejmánek 1989; Stohlgren 2002; Stohlgren et al. 2002) . In light of the broader-scale observations (Table 1 ; Figures 1 and 2) , future experiments and models should not assume that biodiversity is a barrier to invasion (eg Naeem et al. 2000; Kennedy et al. 2002) . Instead, ecologists must work to better understand processes that promote invasion in species-rich habitats at scales larger than plant neighborhoods. We must begin by asking the question, "How are so many species-rich areas successfully invaded?"
